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ABSTRACT 


During  the  years  1957-1958  and  1959  some  thirty  ex¬ 
periments  were  made  on  the  phenomenon  of  ionospheric 
selfmodulation  at  oblique  incidence. 

In  the  Report  No.  1  of  1959  the  theoretical  and  ex¬ 
perimental  methods  used  in  the  experiments  were  descri¬ 
bed  and  the  results  given,  of  the  experiments  made  in  the 
year  1958. 

In  the  Report  No.  2  the  results  of  the  experiments 
made  in  the  years  1957  and  1959  are  given. 

In  all  three  year*  the  phenomenon  showed  the  ’behaviour*; 
a)  b)  and  c)  as  detailed  on  page  7  of  this  report. 

The  values  of  the  product  G  (collision  fre¬ 

quency)  and  d2>  (mean  coefficient  of  total  absorption) 
for  the  carrier  frequency  of  AFN  Frankfurt  (872  kc/s) 
have  been  calculated  from  the  measures  made  and  from 
the  theoretical  method  applied. 

These  values  are  given  in  the  Tables  Nos.  2  and  3 
of  page  36. 

The  value  of  V o  is  given  as  the  order  of  magnitude 
10^  and  is  included  between  1,4000  and  2,0048 
Neper. 

The  Appendix  (page  29)  explains  the  method  used  by 
us  to  calculate  G  >1  ,  and  &£  . 

Some  experimental  observations  on  the  study  of  fad¬ 
ing  are  given  on  page  22. 
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1.  -  PURPOSE  AND  DESCRIPTION  OF  THE  EXPERIMENTS 

A  long  series  of  experiments  on  the  phenomenon  of 
selfmodulation  at  oblique  incidence  was  made  between 
1st  July  1957  and  30th  November  1959. 

The  Report  No.  1  spoke  of  the 'experiments  made  from 
January  to  December  1958„  The  Report  No.  2  deals  with 
the  experiments  made  in  the  second  semester  of  1957  and 
during  the  whole  year  1959. 

The  phenomenon  of  ionospheric  selfmodulation  (as  said 
in  Report  No.  1)  consists  in  the  increase  and  decrease 
of  |he  percentage  of  modulation  of  a  radiowave  when  the 
wave  passes  across  the  ionosphere.  In  other  words,  when 
a  rAdiowave  is  emitted  from  the  transmitter  with  a  per¬ 
centage  of,  for  e.g.9  60%,  it  is  received,  by  way  of  the 
ionosphere,  at  the  receiver  with  a  greater,  or  smaller, 
percentage  (by  several  percent)  than  the  emitted  percen¬ 
tage  . 

The  band  of  frequencies  studied  to  date  by  authors 
concerned  with  the  phenomenon  (M.  Cutolo,  S.N.  Mitra, 

G.J.  Aitchison  and  G.L.  Goodwin)  is  from  8&3  to  1500  Kc/s. 
J.W.  King,  however,  used  frequencies  of  200  Kc/s  and 
647  Kc/s  frequencies  far  removed  from  the  gyrofrequency. 

In  the  experiments  discussed  in  the  Report  No.  1  and 
in  those  described  in  this  report  we  used  a  frequency 
of  872  Kc/s  emitted  by  the  American  Radio  station  AFN 
Frankfurt  (872  Kc/s,  150  kW)  kindly  put  at  our  disposal 
by  the  ARDC  Brussels.  Experiments  were  carried  out  in 
several  cycles,  one  cycle  for  each  season  of  the  year. 

The  cycles  performed  are  listed  in  the  Table  No.  1. 

Experiments  were  always  performed  during  the  night, 
h  h 

from  01  15'  a.m.  to  03  25*  a.m.  Mean  Time  Central 
Europe.  Reception  was  always  made  in  Naples,  at  the 

Laboratory  of  the  Technical  Physics  Institute  of  the 
University. 
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Experiments 


Hour 


Radio  transmitting  station 
AFN  Frankfurt 


POWER 


m  to 


o 

•1 20  0220 
'120  0209 

[0120  0  251 
|o  1 20  0220 
0120  0  209 
0120  0225 
01 15  0252 
0115  0222 
0115  0252 

0115  0248 

0248 

0248 

0236  !! 

0236  !! 

0236  " 
0236  " 

0236 
031 3 
0313 
0313 
0313 
0236 
0313 
0236 
0236 
0325 
0236 
0236 
0325 


90 

30-90 

80 

60 

60 

60 

60 

60 


1 50-50 
150-50 

1 50-50-1 50 
150-50 
150-50 
150-50 
150-50-150 
150-50-150 
150-50-150 
150-100-50 
100-150 
150-100-50 
100-150 
15Q-1 00-50 
100-150 
150-50-150 
150-50-150 
150-50-150 
150-50-150 
150-50-150 
150-50 
150-50 
150-50 
150-50 
150-50-150 
1 50-50 
150-50-150 
150-50-150 
150 

150-50-150 

150-50-150 

150 
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In  November  1959  reception  was  made  not  only  in  Nap¬ 
les  but  also  at  the  following  laboratories  : 

1)  Research  Laboratory  of  Electronics,  Chalmers  Insti- 

ft 

tute  of  Technology  Gothenburg  (Swe4en) 

2)  Kiruna  Geophysical  Observatory  Kiruna  C.  (Sweden) 

3)  Ecole  Nationals  Superieure  d'Electrotechnique  d'Elec- 
tronique  et  d'Hydraulique  Toulouse  (France) 

The  Naples  receiving  station  consisted  of  a  good  an¬ 
tenna  and  a  superheterodyne  receiver.  The  output  of  2nd 
I.F.  (intermediate  frequency)  was  connected  to  an  oscil¬ 
lograph  so  as  to  have  the  envelope  of  the  modulated  wave. 
A  movie-camera  recorded  the  line  enveloping  the  instan¬ 


taneous  percentage  of  modulation  M". 

V  max  -  V  min 


M"  = 


100 


V  max  +  V  min 


where  V  max  and  V  min  are  the  maximum  and  the  minimum 
voltage  of  modulation. 

The  receiver  was  calibrated  by  a  signal  generator 
whose  carrier  frequency  was  modulated  by  a  generator  at 
audiofrequency.  The  answering  curve  of  the  receiver  was 
obtained  in  this  way  and  it  was  possible  to  keep  count 
of  the  demodulation  provoked  by  the  receiver  at  the  high 
frequencies  of  modulation  for  60$,  80$  and  90$  of  modu¬ 
lation. 

I! 

The  receiving  stations  operating  in  Gothenburg,  Kir¬ 
una  and  Toulouse  will  be  described  elsewhere.  The  method 
of  the  envelope  was  used  by  these  stations,  as  was  by  us, 
for  the  measurements  of  M". 

The  AFN  Frankfurt  radio  station  emitted  its  carrier 
frequency  (872  Kc/s)  at  150  kW  (full  power),  100  and 
50  kW  at  60$,  80$  and  90$  of  modulation. 
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The  modulation  frequencies  emitted  by  the  AFN  Prank- 
fur  t  were  as  follows  s 

1 )  20-30-40-80-100-150-200-300-400-600-800-1000-1200- 
1400-1600-1800-2000  c/s. 

2)  80-200-400-1000-2000-2500-3000-3500-4000  c/s. 

3)  40-80-200-500-1000-1500-2000-3000-4000  c/s. 

4 )  30-70-1 50-300-500-800-1 000-1500-2000-2500-3000- 
3500-4000  c/s. 

5)  30-70-150-400-800-1000-1500-2000  c/s. 

6 )  50-200-400-500-700-900-950-1000-1 050-1 1 00-1 1 50- 

1 300.-1500-1  600-1  750-1850-1 900-2000-2200-2400-2600- 
3000-3300-3600-3800-4000-4500-5000  c/s. 

Each  one  of  these  frequencies  was  emitted  during  one 
minute  for  each  power  in  progressive  order  according  to 
previously  agreed  on  plans.  Variations  of  emitted  power 
by  the  AFN  Frankfurt  were  made  for  each  frequency  going 
from  150  to  100  kW,  100  to  50  kW,  50  to  100  kW,  100  to 
150  kW  ;  each  variation  took  place  in  one  minute.  Some¬ 
times  a  whole  band  of  frequencies  was  emitted  with  power 
of  150  kW  and  at  other  times  the  same  band  was  emitted 
with  power  of  50  kW. 

During  the  experiments  60  or  more  oscillograph  pic¬ 
tures  were  taken  for  each  frequency  of  modulation.  Each 
point  of  the  curves  shown  in  the  diagrams  represents  the 
average  measurement  of  MH  of  the  60  pictures  taken. 

While  in  the  Report  No.  1  the  point  was  shown  to¬ 
gether  with  a  vertical  segment  that  represented  the 
error  of  reading,  in  the  Report  No.  2  the  vertical  seg¬ 
ment  represents  the  fluctuation  of  the  percentage  of 
modulation  during  the  minute  of  transmission.  To  avoid 
any  effect  of  selective  fading  we  considered  only  sin- 
oidal  oscillograms,  as  judged  by  the-  naked  eye,  and 
when  the  percentage  of  these  (85$)  was  much  greater 
than  the  distorted  ones. 
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2.  -  PRESENTATION  07  THE  RESULTS 

In  the  Report  No.  1  the  scries  of  experiments  made  on 
selfmodulation  during  the  year  1958  was  described. 

As  stated  in  that  paper  the  behaviours  ©f  the  phenomenon 
obtained  from  1950  (first  appearance  of  the  selfmodulat- 
ion)  to  1955  (a  percentage  ©f  demodulation  increasing  up 
to  1000  c/s  with  the  frequency  of  modulation,  or  a  per¬ 
centage  of  demodulation  almost  constant  from  30  c/s  to 
4000  c/s)  were  never  observed  during  the  year  1958. 

The  behaviours  noted  in  1958  instead  were  the  follow¬ 
ing  i 

a)  Percentages  of  modulation  greater  than  those  trans¬ 
mitted  by  the  station  were  observed  at  the  lowest 
frequencies  of  modulation  (fig.  26) 

b)  Appreciable  demodulation  was  observed  at  the  lowest 
frequencies  of  modulation  with  a  slew  asymptotic  re¬ 
turn  to  the  emitted  modulation  at  the  higher  fre¬ 
quencies  (fig.  27) 

c)  Demodulation  at  the  low  frequencies  and  overmodula¬ 
tion  were  observed  at  the  highest  frequencies  of  mo¬ 
dulation  with  a  tendency  to  return  asymptotically  to 
the  emitted  modulation  (Report  ^o.  1) 

It  was  pointer]  out  that  in  the  case  of  those  behav¬ 
iours  the  phenomenon,  in  particular  for  a)  and  b)  de¬ 
pended  distinctly  (at  the  lowest  frequencies  of  modula¬ 
tion)  on  the  power  emitted  from  AEN  Frankfurt. 

In  the  Report  No.  2  the  results  are  given  of  the  ex¬ 
periments  made  in  1957  (July  onwards)  and  in  1959  while 
the  figs.  1-11  report  some-  observations  made  in  1958 
not  published  in  the  Report.  No.  1. 

From  the  diagrams  it  is  seen  that  th.  behaviour  of  the 
phenomenon  during  the  year  1958  (figs.  1-11)  is  similar 
to  that  of  the  year  1959  (figs.  15-19)  and  only  slight¬ 
ly  different  from  that  of  the  year  1957  (figs.  12-14). 

As  already  stated,  the  behaviours  found  in  1958  are  the 
three  indicated  above  with  a)  b)  and  c)  with  exception 
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of  the  figs.  1,2  and  4  where,  on  average,  the  perc-en-t- 
age  of  modulation  remained  practically  constaat  for  all 
the  frequencies  ©f  modulation  and  much  the  same  as  that 
emitted  by  the  station. 

During  the  year  1958  only  the  three  mentioned  behav¬ 
iours  were  observed  but  in  the  year  1957  (July  and  Aug¬ 
ust)  the  behaviours  of  1955  were  als©  observed  (see  figs. 
10,  12a,  12b,  12e^and  13;  that  is,  the  demodulation  in¬ 
creased  with  the  frequency  of  modulation  ;  in  fig.  12a 
there  is  a  slight  overmedulation  at  the  low  frequencies 
of  modulation).  Pigs.  15a,  16,  17,  18  and  19  represent 
the  observations  made  instead  in  February,  June  and  No¬ 
vember  1959.  As  can  be  seen,  the  behaviours  are  ident¬ 
ical  to  those  a)  b)  and  c)  observed  in  1958  save  for  the 
fig.  19b  where  a  slight,  almost  constant,  demodulation 
is  seen  at  the  increase  of  the  frequency  of  modulation. 

Outwith  this  exception,  verified  the  night  of  21st 
November  1959,  the  behaviours  are  always  similar  to 
those  of  1958. 

As  already  stated,  and  as  can  be  seen  from  the  figures, 
the  phenomenon  is  studied  in  dependence  of  the  pewer  em¬ 
itted  ;  for  each  frequency  ®f  modulation  the  power  was 
varied  from  150  to  50  and  back  to  150  kW.  This  was  done 
for  every  frequency  for  period  af  five  minutes. 

In  fig.  8  a  variation  of  the  percentage  of  modulation 
received  with  the  variation  of  the  pewer  is  seen  (from 
150  to  50  to  150  kW)  mainly  at  300,  500,  800  and  2000  c/s; 
that  is,  at  these  frequencies  the  demodulation  is  greater 
at. 150  kW  than  at  50  kW.  In  the  figs.  9a  and  9b  it  is 
seen  that  at  the  lowest  frequencies  ©f  modulation  the  de¬ 
pendence  of  the  phenomenon  on  the  power  is  clear  up  to 
500  c/s. 
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In  fig,  11  it  is  seen  that  the  demodulation  ia  greater 
at  150  kW  than  at  50  kW  at  frequencies  of  500,  800,  1000 
and  1500  c/s. 

In  fig.  12a  variation  ef  power  ia  net  seen  eutwith 
those  instants  in  which  change  was  mado  from  50  te  150  kW 
but  net  fre*  150  te  50  kW. 

In  fig.  14  a  variation  ef  pewer  ia  net  seen  but  in 
fig.  15  it  is  noted  that  in  passing  only  from  150  to 
50  kW  the  dependence  en  the  pewer  ia  evident  for  all  fre¬ 
quencies  with  exception  of  frequencies  50,  1900,  2200, 

4000  and  5000  c/s. 

In  fig.  17  the  variation  of  the  power  in  passing  from 
150  t®  50  kW  and  from  50  to  150  is  clear,  at  least  up  to 
100  c/s,  even  although  it  waa  net  cenaidered  werth  while 
tracing  a  curve  fer  the  fig.  17b  because  ef  the  dispersion 
ef  the  points. 

In  fig.  18  the  dependence  en  the  power  is  not  clear 
and  in  fig.  19  it  is  ove*  less  so. 

In  figs.  8b,  8c,  12b,  12c,  17b,  18a  and  18b  the  ex¬ 
perimental  curve  is  only  partly  traced  owing  te  the  dis¬ 
persion  of  the  points  due  to  causes  not  fully  understood. 

In  several  of  the  figures  sene  points  are  shown  en¬ 
circled.  These  points  were  thought  to  represent  the 
measurements  whose  percentages  of  modulation  were  altered 
by  mechanical  interference  and  so  these  points  were  not 
taken  int®  account  when  tracing  the  ^ftf-ve. 

In  fact,  if  the  difference  of  pathol  between  two  rays 

that  have  travelled  different  paths  in  the  ionosphere 

(one  ray  reflected  in  E  layer  other  in  F  layer)  is  given 
1  !h-  4  c 

by  the  formula  ou  <  -gr"  ~j~  where  C 

is  the  speed  of  light  and  f  is  the  frequency  of  modula¬ 
tion,  it  is  found  that  in  the  case  Frankfurt -Naples 
(1216  km)  the  frequencies  affected  by  possible  mechanical 
interference  may  ba  thos*  higher  than,  roughly,  850  c/s* 
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If,  for  Cog.  ,  the-  frequency  950  c/s  is  affected  by 
selective  fa ling  evidently  all  the  multiple  frequencies 
of  950  night  well  bo  afi octe-d  also. 

The  fig.  15a  could  confirm  this  hypothesis.  In  fact, 
if  it  is  suppose.?,  that  the  frequency  950  is  affected  by 
mechanical  interference,  it  is  found  that  also  frequen¬ 
cies  1900  anl  3800  (multiples  ox  950)  arc  altered  by  the 
interference.  These  frequencies  are  therefore  shown  in 
fig.  15  by  encircled  points. 

3.  -  STUDY  OF  THE  FADING 

With  the  aim  of  studying  the  influence  of  the  fading 
r.n  the  s  elfin  adulation  seise  experiments  were  organised  ®n 
two  nights  as  follows  : 

During  the  nights  of  7th  an!  25th  November  1959  the 
AFN  Frankfurt  Radio  emitted  its  carrier  at  full  power 
r.-f.ulatv,  1  at  50%  f<~r  a  period  of  forty  minutes  for  each 
•>f  the  frequencies  of  modulation  300,  1000  and  2500  c/s. 
The  frequency  300  c/s  was  transmitted  from  0115  to  0155; 
the  frequency  1000  c/s  from  0200  to  0240;  tlx  frequency 
2500  c/s  fr-.n  0245  to  0325- 

The  results  of  the  observations  are  given  in  figs.  20, 
21,  22 s,  23,  24  and.  25.  The  percentages  of  modulation 
received,  are  shown  in  the  ordinates  while  the  times,  in 
minutes,  arc  given  in  the  abscissae.  The.  point  corres¬ 
ponding  t-.>  each  minute  represents  the  average  of  roughly 
60  observations  HBCl  c  during  that  minute, 

Fr those  figures  it  is  seen  that  the  behaviour  is 
regular  for  frequency  300  c/s  (figs.  20  and  23)  while 
the  dispersion  increases  for  frequencies  1000  and  2500  c/s 
and  especially  so  for  the  last  frequency. 

For  frequency  300  c/s  it  is  found,  that  on  the  night 
of  7th  November  the  percentage  of  modulatien  received 
remained  belew  that  emitted  while  on  the  night  of  25th 
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November  the  percentage  was  higher  than  60%.  For  fre¬ 
quency  1000  c/s  it  is  found  that,  in  general,  the  per¬ 
centage  is  snail  or  than  60  %  for  both  nights  even  although 
the  behaviour  sf  the  phenomenon  is  not  so  clear  for  the 
night  of  25th.  November.  For  frequency  2500  c/s  the  per¬ 
centage  is  alternatively  greater  and  smaller  than  60% 

(on  average  greater)  for  night  of  7th  November  and  clear¬ 
ly  smaller  for  night  of  25th  November.  It  is  very  inter¬ 
esting  to  note  that  the  behaviour  of  the  phenomenon  for 
both  nights  and  for  all  three  frequencies  becomes  slowly 
sinoidal  specially  for  frequency  300  c/s. 

4.-  COOPERATION  OF  THE  IONOSPHERIC  LABORATORIES  OF 
GOTHENBURG,  KIRUNA  AND  TOULOUSE 

In  the  experiments  made  October  and  November  1959  the 
following  laboratories  cooperated, as  they  did  in  the  cycle 
nadc  May  1958  (reported  briefly  in  the  Report  No.  1). 

The  Research  Laboratory  of  Electronics,  Chalmers  Insti- 

If 

tute  of  Technology,  Gothenburg  (Sweden)  Director,  Prof. 

0 .  Ry dbo  clc . 

The  Kiruna  Geophysical  Observatory,  Kiruna  c.  (Sweden) 
Director,  Dr.'D.  Hultqvist. 

/  /  r 

The  Ecolc-  Nationale  Superieure  d’ Electrotechnique,  d'El- 
ectrenique  et  d’Hydraulique,  Toulouse  (France)  Director, 
Prof.  P.  'Dupin. 

The  results  obtained  by  the  above  laboratories  are 
very  good  and  coincide  among  themselves. 

We  are  at  present  helding,  together  with  our  collabo¬ 
rators  at  Gothenburg,  Kiruna  and  Toulouse,  an  extensive 
examination  of  all  the  measurements  made  at  each  of  the 
laborat®ries  .  The  results  of  the  examination,  will  be 
given  in  a  separate  publication. 
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5.  -  CONCLUSION 


As  stated  in  tlx-  Reports  Nos.  1  and  2  the  cycles  of  ex¬ 
periments  on  ionospheric  selfnodulation  at  oblique  in¬ 
cidence  begun  16th  July  1957  and  couplet  eel  25th  November 
1959  were  8  in  number  with  a  total  of  50  nights  of  ex- 
P-rinv,nts  and  witli  about  75  hours  of  observations.  Meas¬ 
urer  Kilts  made  totalled  101^75  of  which,  however,  un¬ 
fortunately,  only  70,581  were  of  use.  Vari  us  1  is t ur¬ 
bane  es  (interference  free  radio tele  graphic  stations,  dc- 
f  .eta  of  the  camera )  ax  fee  to  1  22&504  and  tkv.  r.  maiming 


8188  could  n-  t  bo  ut 


bw cause  of  distortions  '.u*  to  the 


ionosphere.  A  careful  examination  shows  that  the  re-  suits 
are  very  good  as  they  div>.  a  better  clarification  of  the 
general  behaviour  of  the  phenomenon. 

For  the-  first  tine  it  was  ascertained  that  it  is  pos¬ 
sible  to  have*  overnoiulaticn  as  well  as  demodulation  and 
for  this  roas-n  it  was  decided  to  call  the  phenomenon 
M ionospheric  selfnodulation1'  instead  of  ’’ionospheric 
self  do  nodulat  i  ert"  as  it  was  called  in  the  past  years. 

In  the  cycles  made  between  July  1957  and  November 
1959  it  is  seen  that  we  had  at  almost  all  tines  the 


three  behaviours  a)  b)  and  c)  indicated  in  Paragraph  1 
as  well  as  demodulation  increasing  with -the  frequency  of 
modulation  or  almost  constant  demodulation  from  30  to 
4000  c/s.  As  the  cycles  were  made  in  three  different 
years  (1957,  1958  and  1959)  and  as  they  were  spread  over 
the  various  seasons  of  the  year  it  would  appear  that  the 
phenomenon  depends  markedly  on  the  conditions  of  the 
ionosphere.  In  fact,  in  the  years  1958  and  1959  only 
the  behaviours  a)  b)  and  c)  were  observed  tit  Naples  and 
n.„vcr  those  behaviours  reported  in  tko  previous  works 
(demodulation  increasing  or  almost  constant  with  the 
frequency  of  modulation).  In  the  year  1957,  however, 
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over  and  above  the-  noting  of  the  behaviours  a)  and  c) 
the  behaviours  of  the-  previous  years  were  observed. 

During  the  year  1958  a  probable  seasonal  effect  was 
also  noted  (see  the  Report  No.  1).  The  Laboratories  of 

t! 

Gothenburg,  Kiruna  and  Toulouse  took  part  in  the  cycles 
of  May  1958  and  October-November  1959  and, as  the  results 
obtained  in  these  laboratories  coincide  with  the  behav¬ 
iours  of  1956,  it  seems  to  us  that  the  behaviour  of  the 
phenomenon  depends  on  the  direction  ©f  propagation  of 
the  radiowaves  as  regards  the  direction  of  the  lines  of 
force  of  the  earth’s  magnetic  field  (see  the  Report  No.l 
page  22). 

From  examination  of  the  diagrams  published  in  the  Re¬ 
ports  Nos.  1  and  2  it  would  seem  that  a  dependence  on  the 
power  does  exist  but  that  it  is  not  always  evident  as  the 
percentage  of  modulation  decreases  from  150  t®  50  kW  t® 
return  to  the  primitive  value  when  the  power  returns  from 
50  t®  150  kW.  On  the  contrary *  it  is  seen,  at  times,  that 
the  percentage  of  demodulation  is  greater  at  50  kW  than  at 
150  kW. This  strange  evidence  of  the  dependence  ox  the  phe¬ 
nomenon  on  the  power  hinders  the  affirmation  that  the  self- 
icedulation.  is  explainable  with  the  theory  of  interaction. 
Only  in  the  cases  a)  and  b)  is  there  a  possibility  ©f  ex¬ 
plaining  the  selfmodulation  with  the  theory  ©f  interaction, 
as  is  shown  in  the  Report  No.  1,  and  ag  is  briefly  repeated 
in  the  Appendix  to  this  report. 

When  modulation  and  overraoiulation  ar«  obtained  con¬ 
temporaneously  or  when  the  demodulation  is  almost  constant 
from  30  c/s  to  4000  c/s  or  increases  with  the  increase  of 
the  frequency  of  modulation,  the  mechanism  of  the  phenomenon 
is  very  ©bscuro.  Perhaps  only  in  the  case  of  fig.  13  would 

r 

it  be  possible  to %xplain  it  with  the  hypothesis  of  Tiberi# 
and  with  the  theory  of  Possenti. 
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The  determining,  time  by  time,  ©f  the  height  of  re¬ 
flection  of  the  radiowaves  used  and  the  nurabei  of  the 
paths  traversed  in  the  ionosphere  by  the-  radiowaves  in 
going  from  the  transmitter  to  the  receiver  could  be  use¬ 
ful  for  the  construction  ©f  a  general  theory. 

A  transmitter  working  alternatively  in  CW  and  pulses 
has  already  been  set  up  to  determine  the  number  of  mul¬ 
tiple  paths. 

There  is  also  in  course  a  series  of  experiments  on 
selfmodulation  at  vertical  incidence  with  pulses  to  study 
the  phenomenon  by  day,  t©  find  the  height  ©f  reflection 
of  the  radiowaves  and  to  eliminate  any  influence  whatso¬ 
ever  of  mechanical  interference. 

In  conclusion  it  is  shewn  how  the  method  used  by  us, 
that  is,  transmission  in  CV  of  modulated  waves  with  dif¬ 
ferent  frequencies  of  modulation  with  rapid  leaps  of  pow¬ 
er  and  measure  by  the  envelope  method  of  the  percentage 
of  modulation  received  allowed  us  to  observe  demodulation 
and  o ver no-dula t i on ,  to  discard  those  measurements  affect¬ 
ed  by  selective  fading  and  to  note  that  at  the  changing 
of  the  power  there  can  be  a  passing  from  one  behaviour 
to  another. 

In  the  case  of  the  behaviours  a)  and  b)  the  frequency 
of  collision  and  the  mean  coefficient  of  total  absorption 
can  be  determined  as  shown  in  the  Appeniix. 


29  - 


APPENDIX 


1 .  -  MEASUREMENT  OF  Gy 

As  stated  in  the  Report  No.  1,  page  11,  the  behaviours 
a)  and  b)  can  be  explained  by  the  theory  of  M.  Carlevaro. 

However,  as  the  English  of  the  Report  No.  1  was  not 
at  all  clear,  we  are  taking  the  opportunity  to  repeat 
here  the  manner  in  which  the  product  (W  and  the  mean 
coefficient  of  total  absorption  ei  are  calculated  for 
the  behaviours  a)  and  b). 

In  the  Report  No.  2  the  figs.  26  and  27  represent  re¬ 
spectively  the  behaviours  a)  and  b).  In  the  fig.  28  the 
theoretical  curve  only  is  traced  as  it  coincides  with  the  . 
experimental  one.  In  the  fig.  27,  however,  the  theoreti¬ 
cal  and  experimental  curves  are  both  drawn. 

The  theory  of  M.  Carl'evaro,  reported  briefly  in  the 
Report  No.  1  has  been  published  in  the  Supplement  No.  4  to 
"IL  NUOVO  CIMENTO"  1956,  pages  1422-1429.  Carlevaro  de¬ 
velops  his  theory  beginning  from  the  equation  of  V.A.  Bail¬ 
ey  Phil.  Magazine  S7  -  23  No.  157,  929  (1957)  relative 

to  the  movement  of  an  electron  in  a  gas  under  an  alternat¬ 
ing  electric  field. 

He  arrives  at  the  conclusion  that  if  M  is  the  percent¬ 
age-  of  modulation  in  the  transmitting  station  (in  our  case 
AFN  Prankfurt)  and  the  percentage  of  modulation  received 
is  M"  there  is  obtained  :  N 

/  W1  \fc_  M’gQ-g.jcp-**  _  jh A  co^2  p] 

V  h  J  ~  (<-**»  **«*)* 

Calling  Wo  the  mean  value  of  the  work  done  by  the  elec- 
-■“trie  field  on  an  cl'  ctron  between'  two  consecutive  collis¬ 
ions,  G.'is  a  constant,,  that  is,  the  mean  relative,  loss  in 
a  collision,  T  the  thermal  equilibrium  of  the  electron, 
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fcltgoratical  curve 

/ 

experimental  car  ye 


Fig.  26  21-1-1958  (AFN  Frankfurt,  60# ,  50  kW) 

The  agreement  between  theoretical  and  experimental 
curves  is  satisfactory ° 


Fig.  27  28-3-1958  (AFN  Frankfurt,  60#,  150  kW) 

The  experimental  curve  is  not  drawn  because  it  is  co- 
incident  with  tli-..  th-'  oretical  curve. 
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0^,  the  mean  coefficient  of  total  absorption  , 
eh  ' 

^  “  2  v^9  +  ST“ 

t?r  =  -2-  ta  -  v=«, 

Ss?  ' 

where  If  is  the  frequency  of  modulation,  v?  is  the  collis¬ 
ion  frequency  of  the  electron  and  \>0  is  the  thermal  equi¬ 
librium  value  of  ft"  2 

The  derivative  of  (-^- )  with  respect  to^,  and  the  de¬ 
pendence  of  M  on  C  can  be  expressed  by  the  relation 

d  t  '  M  '  (  h$ 

In  doing  so,  Carlevaro  finds  that  Q  depends  on  M  and 
that  its  range  of  variation  is  from  0  to  values  greater 
than  one.  That  is,  from  Carle varo's  theory  it  follows 
that  for  a  given  value  of  M  there  are  four  small  intervals 
of  the  value  of  Q  for  each  of  which  there  is  one  of-  the 
behaviours  a,  b,  c  and  d  of  fig.  28.  If  M  =  0,6  (as  in 
our  experiments.)  we  have  the  behaviour  a)  for  0  Q  -6  0,82  ; 

the  behaviour  b)  for  0,82  ns  Q  S  0,90  ;  the  behaviour 
c)  for  0,90ns  &  3,00  .  The  behaviour  d)  of  fig.  28 

has  not  yet  been  found  experimentally  and  so  has  not  been 
considered  by  us  here. 

From  the  experimental  results  of  the  figs.  26  and  27  it 

is  seen  £hat  the  behaviour  of  fig.  27  is  similar  to  that  a) 

of  fig.  28,  and  the  behaviour  of  fig.  26  is  similar  to  that 

c)  of  fig.  28  o  Therefore,  for  fig.  26  the  value  of  (>  must 

be  between  0,90  s?  Q  -5  3,00  and  for  fig.  27  the  value  of 

^  must  be  between  0^^^  0,82..  . 

/ 

To  find  the  theoretical  curve  capable  of  explaining  the 
behaviour  of  each  of  our  experimental  curves  it  is  necessary 
only  to  put  in  the  ...quation  [ij  ,  one-  at  a  time,  the  values' 
of  included  in  one  of  the  throe  intervals  indicated  above, 
corresponding  to  each  of  the  three  behaviours  a)  b)  and  c) 


o 


11  '  I 


-+- 


0.5  0.6  0.7  O.B  0.9  < 


-M 


Th«:  figure  28  represents  the  plane  to  the  interval  of 

physical  significance  of  M.  Three  curve*  divide  the  plan  in  four 
regions. 

The  equation  of  each  curve  is  resp¬ 
ectively  : 


M  =  l£ 

M2  =  2(1  -  £)/  [l  -  2^(1  -  (>)J 


M  =  2(1  -(>) 
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so  as  to  obtain  the  value  of  £  needed  to  build  a  theo¬ 
retical  curve  closest  to  the  experimental  one. 

Having  found  in  this  way  the  most  suitable  value  of 
Q  it  is  easy  to  find  y  by  equation  since  M  and  Mn 
are  known.  Having  found  w«,find  the  product  G^  . 

For  instance,  for  the  fig.  26  the  theoretical  curve 
closest  to  the  experimental  one  is  obtained  for  (>  =  1,0. 

Using  this  value  of  £  we  choose  any  point  of  the  fig. 
26,  for  instance,  the  point  corresponding  to  n  =  800  c/s. 
For  n  =  800  c/s  M"  =  60,60  and  as  M  =  0,6  (the  depth  of 
modulation  transmitted  by  AFN  Frankfurt)  we  find  from 
equation  M  that  Hr  =8,0  for  which  Gtf  =  100  , 

In  this  way  we  can  draw  the  theoretical  curve  of  the  fig. 
26.  The  theoretical  curve  of  fig.  27  is  obtained  in  the 
same  manner. 

Studying  the  theoretical  and  experimental  curves  it  is 
seen  that  agreement  between  theory  and  experience  is  very 
satisfactory.  The  relative  values  of  (>  and  GV  for  every 
diagram  are  found  in  the  Table  No,  2  of  the  Report  No.  1. 
Some  of  those  values  are  repeated  in  the  Table  No.  2  of 
this  report. 


2.  -  MEASUREMENT  01  U 

We  can  also  determine  directly,  by  means  of  r*i.  the 
value  of  because  all  the  parameters  are  known.  As 

(according  yto  Bailey  1937)?  (Huxley  and  Ratclif- 
fe  1949)  T  =  4.10”^  erg  and  G  =  0,9.  10“^  ,  it  is  only 
necessary  to  calculate  the  value  of  Wo  to  find  * 

To  find  Wo  we  use  the  following  equation  by  Bailey(1937) 


% 


_  e*  v>  E 
2«v  <v 
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where  is  the  ratio  of  the-  square  of  the  charge  to 

the  mass  of  the  electron,  to  is  the  angular  velocity  of 
the  carrier  of  AFN  Frankfurt,  and  Eo  is  the  peak  of  the 
electric  field  in  the  ionosphere.  The  equation  5J  ne¬ 
glects  the  influence  of  the  earth’s  magnetic  field,  but 
this  influence  is  small  because  uy^rffor  Frankfurt  differs 
from  the  gyrofroqucncy  (1200  kc/s)  by  27,34?". 

To  find  the  value  of  Eo  we  have  supposed  that  the  re¬ 
gion  of  solfmodulation  is  between  80  and  90  1cm  high,  that 
is,  in  the  lower  border  of  the-  E  layer  and  that  tho  pro¬ 
pagation  from  Frankfurt  to  Naples  is  along  only  one  path. 

So  the  region  of  solfmodulation  would  'be  located  80-90  km 
above  the  earth  at  latitude  45°30'  N  and  longitude  12°0’  E. 

As  the  distance  between  Frankfurt  and  Naples  is  1116  km 
the  middle  point  (representing  tho  projection  on  tho  earth 
of  the  sky  zone  where  th*.  phenomenon  occurs)  lies  at  558  km, 
and  so  the  peak  value  Eo  of  the  field,  at  the  end  of  the 
radius  vector  of  length  f  which  makes  an  angle  0  with  the 


vertical 

,  is  given  by  : 

Eo 

=  4^,0  M)l  W  Co'S 

i*A 

CO'S  Q)  (M.K.S.  Unit 

■>[0 

e 

where  V/ 

: s  the  emitted  power 

by 

AFN  Frankfurt. 

Since 

oJ&  90  km ,  r  =  558  km ,  6 

=  80° 50’  ,  we  have 

✓ 

for  tho 

power  of  50  kW 

Eo 

=  0.  524  x  10"2 

volt/metres 

Suhst 

i tut ing  this  value  in 

the 

e  qua  tionj~ 5.  "J  and  ko  •. 

P- 

ing  \> 

=  1,1 .105 

el 

mro 

=  2,54. 10^  (U.E.S.) 

;  oo/z  If  =  G72.103  c/s 

wc  have 

Wo  =  1,43  x  10"14 

erg/second 
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Substituting  in  [j?j|  the  actual  value  of  Wo  and  the 
respective  values  of  G,  T  .and  vl  =  3)  we  find  that 
(7  =  1,49  so  that  it  is  greater  than  the  value  assumed 
by  us,  that  is,  (J  =  1,0  ,  The  difference  between  the 
^  react  valu..  of  ,  statistically  calculated,  and  that 
calculated  by  us  using  £2  3  depends  on  sun^osing  =  3 
as  su.  est'.d  b;  the  authors  mentioned  above,  while  we 
did  not  use  the  reel  value  of  &  ,  since  wo  could  not  find 
it  experimentally. 

In  fact,  if  wo  go  in  the  op  osito  direction,  that  is, 
if  v.a-  substitute  the  values  of  Q  (  Q  =  1,0)  W,  G  and  T 
calculated  in  the  [X3  fiwd  tL  =  2,005  and  not  =  3 
a  s  w  e  h  ad  s  u  pp  o  s  o  d . 

Since  it  is  possible  to  determine  with  accuracy,  and 
also  Wo  is  calculated  with  suf:  iciant  np  roximation,  the 
equation  C23  offers  a  method  of  sufficient  precision  to 
determine  the  mean  coefficient  of  total  absorption.  Na¬ 
turally  wo  suppose  that  the  values  of  G  and  T  nr.-  correct 
at  the  region  of  the  ionosphere  who  re  the  phenom.non  oc¬ 
curs  . 

It  would  bu  possible  to  determine  the  height  at  which 
the.  phenomenon  occurs  if  we  could  transmit  alternately 
on  CW  and  pulses.  A  transmitter  for  this  purpose  is  now 
in  operation  at  the  ionospheric  station  of  No  la  (Naples) 
and  with  this  station  we  will  be  able  to  calculate 
from  the  experimental  determinations  of  Q  and  also  the 
true  hci,ht  for  which  has  the  value  obtained  by  us. 

The  Table  Wo.g  3^gives  some  values  of  oi  calculated  by 
£23  according  to  Nic  method  indicated  above. 

For  a  height  of  reflection  b...  two  n  75  and  95  Km  the 

value  of  Eo  changes  by  a  small  quantity  because  6  in 

equation  QQ  varies  and  consequently  the  vrrixtion  of 

-.4 

ti  would  be  of  the  order  of  magnitude  of  10 
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Experiment 


Values  of 


Date 


Hour 

from 

to 

Ereq.of 

£  modulat. 

s 
o 

Ph  fr.' 
kW  c/ s 


15  0252  60 

5  0248  " 

5  0248  " 

5  0248  " 

5  0236  " 

5  0222  " 

5  0252  " 


1 ,00.10 


45  0,5  .10 


Experiment 

N° 

Date 

Hour 

*•  Power 

from 

to 

ii 

5  3  coeffic. 
g  ^  of  total 

•H  Cj 

^  >  absorpti® 


5 
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